Abstract -In this paper, the design and implementation of a GaN HEMT class-E power amplifier and a Schottky diode class-E rectifier are described. Based on the widely known Linear Amplification with Nonlinear Components technique (LINC), and taking advantage of the spatial power combining capability of a dual-fed square patch, the highly efficient amplifier and rectifier may be incorporated at both sides of a wireless link, proposed for the simultaneous transmission of signal and power to a remote receiver.
I. INTRODUCTION
Wireless power [1] and highly efficient signal transmission [2] are probably two of the topics receiving more attention from the microwave community. The increased use of switched-mode power amplifiers (SMPAs) for the transmission of spectrally efficient signals, with an associated high peak-to-average power ratio (PAPR), coincides in time with the introduction of their time-reverse duals [3] for RF/microwave-to-DC conversion.
The Linear Amplification with Nonlinear Components, proposed by Cox in [4] stands as one of the few techniques allowing the linear reproduction of a strongly-varying envelope signal using SMPAs. Incorporating an isolated hybrid combiner, instead of the reactive counterpart proposed by Chrieix in his seminal work [5] , a relatively simple correction of the amplitude and phase imbalance is possible at the expense of a poor average efficiency. Being that high values of the outphasing angle may be quite frequent when handling signals with demanding envelope dynamics, the significant power lost in the isolated port resistor could be either reduced through more complex multilevel approaches [6] , or turned back into DC for being recycled [7] (Fig. 1) . Fig. 1 . LINC architecture with the power reuse concept [7] .
In this paper, a wireless signal and power transmission (WSPT) link architecture is proposed, translating the power reuse concept of [7] to a far-field placed receiver. The design and implementation of a GaN HEMT class-E amplifier and a Schottky diode class-E rectifier are then described for their use as high efficiency parts in the transmitting and receiving sides, respectively. A single-radiator implementation is added for validation.
II. PROPOSED SYSTEM OVERVIEW
In Fig. 2 , a simplified system diagram of the proposed WSPT link is presented. A two-tone excitation, traditional for intermodulation distortion (IMD) experiments, has been used for illustration purposes. After being amplified by class-E SMPAs, the constant envelope phase-modulated (PM) signals, bearing an additional 90º phase difference, are used for exciting the orthogonal TM 01 and TM 10 modes of a 4x1 array of dual-fed aperture-coupled square patches in the 915 MHz band. Taking advantage, as in [8] , of its spatial power combining capabilities, the desired communication signal, usually obtained from the Σ port of a 180º hybrid, could be transmitted in this case with a right-handed circular polarization (RHCP). At the same time, the undesired component to be recycled, traditionally derived from the ∆ port of the isolated combiner, would be also radiated with the orthogonal left-handed circular polarization (LHCP). In the remote side, both components could be easily separated thanks to the connection of the vertical and horizontal outputs of a dual-fed square patch to a quadrature hybrid coupler. While the information in the desired RHCP signal could be recovered by the receiver, a class-E rectifier would allow turning the power of the undesired transmitted component into the required DC for biasing it. This link would also add security layers in polarization and azimuth. The reception of the transmitted signal, either from other directions with a RHCP antenna, or even at broadside if employing a linearly polarized one, could be prevented.
III. GAN HEMT CLASS-E PA
For the class-E power amplifying branches of the LINCbased transmitting array, a packaged CGH35030F GaN HEMT on SiC substrate from Cree Inc., was selected. From the value of the characterized equivalent output capacitance at V DS = 28 V and V GS = -3.7 V (C out = 3.6 pF), the nominal complex impedance at the fundamental was estimated to be Z d (f) = (0.1836 + j⋅0.2116)/(ω⋅C out ) = 8.9 + j⋅10.2 Ω from [9] . This departing value and the open circuit conditions at the second-and third-harmonic were then synthesized through a lumped element multi-resonant drain terminating network derived from [10] . At gate side, a capacitor to ground and a small length of microstrip line were enough for input matching. In Fig. 3 , the schematic and photograph of one of the implemented class-E PAs are shown. The measured evolution with frequency for the output power and the efficiency may be appreciated in Fig. 4 . The drain efficiency stays over 80% along a 110 MHz range. No significant differences in terms of output power and efficiency were found between the two implemented SMPAs. 
IV. SCHOTTKY DIODE CLASS-E RECTIFIER
For the class-E rectifier in the receiving side of the link, an HSMS-282 Schottky diode from Avago Technologies was employed. With the measured value of its OFF-state capacitance, C j = 0.76 pF, the nominal impedance to be synthesized at the fundamental was estimated to be Z d (f) = 42 + j⋅48.4 Ω. For simplicity and compactness, the poly-harmonic terminating network was here based on a 25 nH ultraminiature Air Core inductor, also from Coilcraft, with a parasitic resonance at 2.5 GHz (between the second-and thirdharmonic). This inductor was resonated slightly below 915 MHz thanks to a series 4.7 pF 100A ATC capacitor. A parallel tank was used, instead of the theoretical choke inductor, in order to force a high reactance with a small-valued and sized high Q coil. The rectifier schematic and a photograph with implementation details are shown in Fig. 5 . The measured output voltage and efficiency over a 214 Ω load (the optimum performance appeared for lighter loading conditions than the one predicted by class-E theory, due in part to the non-negligible diode parasitic resistance) are plotted in Fig. 6a as a function of frequency, while in Fig. 6b in terms of the input power. A peak efficiency value of 74% was estimated for an input power of 23 dBm. 
V. SINGLE-ELEMENT VALIDATION
In order to validate the proposed approach in a simple way, while also testing the designed SMPAs, a single-element version of the architecture in Fig. 2 was implemented. A pair of tones with 100 kHz frequency spacing was selected for the experiment. Vector signal generation and analysis capabilities were also incorporated into a far-field test set-up (see Fig. 7 ). As observed from Fig. 8a , the desired two tones were obtained from one of the output ports of the 90º hybrid (an off-the-shelf part from Anaren). Low-level IMD products may be appreciated, together with a small component at the carrier position (associated to non-idealities in the IQ modulators of the employed generators). The measured spectrum in the remaining output port, where the previously designed rectifier would be in charge of DC powering the receiving circuitry, is also presented in Fig. 8b . It approximately corresponds, as expected, to a signal with similar envelope and average power, but with the 180º phase transitions coinciding in time with the amplitude maxima instead of the nulls.
VI. CONCLUSION
The design and implementation of a GaN HEMT class-E power amplifier and a Schottky diode class-E rectifier, aimed to be used as efficient power transducers at both sides of a WSPT link, have been presented in this paper. The proposed architecture, based on the LINC technique, has been validated for the classical discrete-spectrum two-tone excitation, using a single radiating element for transmission. 
